-ions formed in-situ from FeBr 3 in the presence of bromide anions, thus avoiding the addition of a pre-formed salt that would add an unwanted cation to the system. In addition, the presence of Fe(III) ions in solution likely prevents 60 Fe(II) ions from aerobic oxidation, as no addition of ascorbic acid is required for the synthesis of 1.
functions resulting from different physical properties, either in synergy or totally un-correlated, has become a strong topic in chemical and materials sciences. 1 Spin crossover (SCO) compounds have been the source of a number of multifunctional synthetic systems, 2 as the SCO phenomenon itself, in particular 15 with Fe(II) coordination systems for which the low-spin (LS) state is purely diamagnetic, gives access to concomitant drastic variations in magnetic, optical and dielectric responses, 3 and can be implemented into liquid crystalline or gel phases. 4 An elegant synthetic strategy towards multifunctional materials is to build 20 two-network hybrid crystalline solids, and this has been particularly efficient with one of the networks having a 2D layered structure thus allowing intercalation of molecular, 1D or 2D species. 5 SCO complexes were only recently successfully integrated into 2D and 3D ferromagnetic magnetic oxalate 25 anionic networks, 6 using mononuclear Fe(III) complexes bearing chelating ligands. Fe(II) systems have so far eluded such success, likely because of a combination of inadequate charge, easier oxidation and greater sensitivity to environmental changes of the conditions favouring SCO. On the other hand, Fe(II) SCO 30 complexes were successfully integrated into materials with lower dimensionality, as cations 7 6 ] coordination core (tz = substituted tetrazole) probably represents the most-widely studied type of SCO compounds, while providing the highest probability of occurrence of SCO. On the other hand, tetrahaloferrate(III) ions have been widely used in molecular conductors 10 and can interact ferromagnetically depending on their stacking, 11 potentially resulting in ferromagnetic order. 12 We report here the first SCO compound with a tetrahaloferrate(III) anion, [Fe(Metz) 6 Single-crystal X-ray analysis at room temperature reveals 1 crystallizes in the trigonal P-3 space group with one [Fe(Metz) 6 Table S1 and Fig. S5 ). K at 1.9 K for 1.
The increase of χT can reasonably be ascribed to a ferromagnetic coupling of the paramagnetic FeBr 4 -ions in the stacked chains along the c axis. 11 The drop below 6 K, associated with a marked maximum at 2.40 K in χ' (inset in Fig. 2 ) likely corresponds to an 55 antiferromagnetic order of the FeBr 4 -ions. The molar heat capacity (C p ) of 1 was determined from differential scanning and semi-adiabatic relaxation calorimetry for the temperature ranges 120-330 K and 0.3-130 K, respectively. We associate the broad hump covering 130-220 K 65 (Fig. 3) to the thermal signature of a gradual SCO, in good agreement with the magnetic data. The excess enthalpy and entropy associated with the SCO in 1 were deduced by integration of the excess heat capacity (inset in Fig. 3) poorly-cooperative system 15, 16 and thus with the shape of magnetic and thermal signature of the SCO in 1.
The low-temperature heat capacity is characterized by an applied-field dependent contribution, whose most prominent feature is a lambda-like peak centred at T N ≅ 2.2 K for zero-field 80 (Fig. 4) . This feature indicates a phase transition to long-range magnetic order, nicely corroborating the magnetic data. The fact that the peak is not affected by fields lower than B 0 = 0.5 T points to antiferromagnetic ordering. Larger fields gradually decouple the magnetic interactions and for, e.g. B 0 = 7 T in Fig. 4 , the 85 experimental C p is satisfactorily modelled with the Schottky heat capacity (solid line), which results from summing the contributions of two non-interacting Fe(III) ion spins. At high temperatures, the experimental C p is dominated by non-magnetic contributions arising from thermal vibrations of the lattice, which 90 can be modelled with the Debye function (dashed line) yielding a value of θ D = 43.4 K for the Debye temperature, which is in the range of values observed for this class of molecular compounds. 17 By subtracting the lattice contribution from the zero-field C p , we are left with the tail of the magnetic ordering heat capacity (C m ) 5 that has a characteristic T −2 dependence at high temperatures (empty markers for T > 3 K). On the other side of the peak, we note an upward curvature below 0.5 K, which can be understood as an excess C p added on top of the zero-field peak data. As indicated in Fig. 4 (empty markers for T < 0.5 K), we have used a 10 linear-T extrapolation, as would be appropriate for the spin-wave contribution for an isotropic 1D antiferromagnet. 18 The resulting low values for the excess C p , combined with its slight dependence on the applied field, suggests that this feature originates from the splitting of residual HS Fe(II) ions by the internal ordering field. The aforementioned experiments evidence that ferro-and antiferromagnetic interactions are both contributing in the Fe(III) 30 magnetic ordering process. We can push further our analysis by making use of the recent theoretical work by Ito et al. 11 that sheds light by predicting ferromagnetism for the direct d-d exchange interaction along the same 1D chain topology as in 1. According to their model, we envisage J/k B = 0.22 K for such an intrachain 35 coupling. Next, from the value of 2.2 K as the temperature for the ordering process between the chains, we can estimate the interchain coupling J' by using the Oguchi's model, 19 obtaining |J'|/|J| ≈ 0.6, and therefore J'/k B ≈ −0.13 K on basis of the above.
In summary, we have shown that using simple 40 tetrabromoferrate(III) ions formed in-situ allows the isolation of the first spin crossover (SCO) compound with paramagnetic tetrahaloferrate ions. In this original material, the spin crossover phenomenon of the cationic sublattice coexists with a magnetic order of the anionic sub-lattice. 
